The factors which influence postoperative tonsillar hemorrhage are so varied that accurate statistics are difficult to obtain. In 700 consecutive cases in children in Barnes' service at the Boston Dispensary only two hemorrhages occurred that required suturing the pillars. In 140 tonsillectomies on patients over 16 years of age at the Massachusetts General Hospital there were four hemorrhages that required suturing of the faucial pillars.
The replies to a questionnaire sent out by L. G. Hill indicate that troublesome hemorrhages range from 0 to 8 per cent, the majority being from 2 to 5 per cent. Troublesome hemorrhages are 4 per cent greater in adults than in children.
Relative to dangerous hemorrhages, 10 per cent of the replies were zero, the balance ranging from 1 to 6 per cent. One prominent operator reported twelve cases of fatal hemorrhage, one reported four cases, one reported three cases, four reported two cases and others reported none. It is interesting to note that out of the 14,042 tonsillectomies done in our army there was only one death from tonsillar hemorrhage.
As to whether the number of hemorrhages was greater following local or general anesthesia, the majority stated that the percentage was greater under general. About 30 per cent, however, stated that the hemorrhage under local anesthesia was higher. Many of them accounted for this fact by the large number of adults operated upon by this method. The report of the Committee on Local Anesthetics read before the section on laryngology, rhinology and otology of the American Medical Association at New Orleans indicates that the percentage of hemorrhages, when local anesthesia is used, is not greater.
The above figures confirm what one from his own experience and observations knows to be true, namely, that everyone who performs the operation of tonsillectomy will sooner or later encounter hemorrhages, some of which may be severe enough to tax his skill to the utmost, and yet when we consider the methods of hemostasis used by many operators and note those advocated in certail) teJetbooks and journals, we wonder if the reproach that the control of hemorrhage, during and following tonsillectomy, is most inexact and unsurgical, is altogether unmerited.
The tonsil receives its blood supply from the dorsalis lingmc, a branch of the lingual, which supplies the anterior pillar and sends branches into the anterior surface of the gland. From the ascendIng pharyngeal of the external carotid branches enter from the posterior pillar. The descending palatine from the internal maxillary sends a branch to the superior lobe. The most important arteries are the tonsillar and ascending palatine branches of the facial. These pierce the superior constrictor muscle at the lower pole of the tonsil, where they usually break up into two or more branches before entering the capsule. The arrangement of these branches is variable. Davis observes that they are most commonly found just behind and about one-quarter of an inch from the margin of the anterior faucial pillar, about midway between the top and base of the tonsil, or a little below this point. It is said that occasionally by anastomosis of the above named vessels an arterial plexus is formed just outside the capsule. The writer has not observed such an arrangement. The internal carotid artery is almost an inch behind and to the outer side of the tonsil. The external carotid is still further away, and is protected by the styloglossus and stylopharyngeus muscles. It will thus be seen that the carotids, when normally placed, are in very little danger of being wounded during a tonsil operation. Dr. Gwilym G. Davis has demonstrated a specimen in which the internal carotid could have been wounded by incision of the tonsil.
The facial artery when it makes a high loop before crossing the ramus of the jaw has only the superior constrictor muscle between it and the lower pole of the tonsil. The ascending pharyngeal and ascending palatine arteries are also separated trol11 the tonsil by the thickness of the superior constrictor muscle alone. \Vhen very firm peritonsillar adhesions exist it is possible to wound one of the three last named vessels and have a fatal hemorrhage. As the ascending palatine frequently takes its origin from the external carotid instead of the facial, it would seem more certain to ligate the external carotid and not the facial in cases of serious tonsillar bleeding.
The ligature on the external carotid should be placed as low as possible in order to control the ascending pharyngeal. which arises close to or immediately at the origin of the external carotid. The veins terminate in the tonsillar plexus 'which joins the pharyngeal and pterygoid plexuses to empty into the internal jugular or facial vein. Some small veins empty into the larger vessels at the base of the tongue. A large vein frequently runs the length of the tonsillar fossa just external to the posterior pillar. \Vhen wounded, it bleeds profusely. The writer has seen one troublesome postoperative hemorrhage from this vessel.
The successful arrest of hemorrhage depends on the clotting power of the blood. No doubt the statemeI1t of Bayliss, who writes "It cannot be said that the coagulation of the blood is yet understood," is correct; nevertheless, the theories of Howell are the most generally accepted, and as the action of a number of hemostatic agents is best explained by his researches, brief reference to them will be made. \Vhen blood clots, the circulating fibrinogen of the serum is transformed into an insoluble protein fibrin by the action of fibrin ferment or thrombin. Thrombin, as such, does not exist in the blood, but its precursor, prothrombin, does, and this is converted into thrombin. In order that this change may take place calcium salts are necessary; also an element derived from the blood platelets, or injured tissue, or from both, called by Howell "thromboplastin." Blood does not coagulate in the vessels, because this prothrombin is combined wtih an antithrombin, which prevents it from acting. When the blood is shed and flows over injured tissue, the thromboplastin, derived from the blood cells, blood platelets or tissue cells, unites with the antithrombin, liberating the prothrombin. This in turn combines with calcium salts, and thrombin is formed. The thrombin converts the fibrinogen of the plasma into fibrin and coagulation sets in. It has been shown that thromboplastin, from whatever source, gives the reaction of lipoid kephalin, the principal lipoid of the brain. This fact has been taken advantage of in the preparation of many substances used to hasten coagulation. The recent work of Mills indicates that extracts from lung tissue are even more active than those of brain tissue in inducing coagulation.
The part takell by the platelets in the process of clotting has been further studied by Tait, who believes that when a vessel is cut the labile platelets, or spindle cells, called thigmocytes, adhere to the edges of the vessel wall and build up a plug. By cytolysis these same cells produce the thrombin which causes the plasma. to clot, thus taking two distinct parts in the checking of hemorrhage.
Types of Hemorrhage.-The types of hemorrhage encountered in tonsil cases are:
Primary, which occurs at the time of operation; Early secondary, which comes on in a few hours, and is frequently the continuation of a primary hemorrhage which was not checked, and
Late secondary, which most frequently occurs at the end of four or five days or a week. As a rule it is not serious, being produced by the opening up of small vessels during the separation of the slough.
Predisposing Causes.-rfhe conditions which render troublesome bleeding more likely to occur are certain blood dyscrasias, such as hemophilia and the purpuras, high blood pressure, arteriosclerosis, acute inflammation of the tonsils or surrounding structures and peritonsillar adhesions. Anemic and poorly nourished children have a tendency to bleed.
It is said that during and immediately following the menstrual period the clotting time of the blood is delayed. The exciting cause of tonsillar hemorrhage is, of course, the operation, during which the vessels are severed.
Prophylaxis.-The radical removal of tonsils is an important surgical procedure, and the cases are entitled to a more careful selection than many of them receive. The condition of the heart and kidneys should be ascertained, and in adults the blood pressure taken. Operation should not be done in the presence of acute inflammation of the tonsils or surrqunding structures. The general condition of anemic and poorly nourished children should be improved by the use of proper food and iron tonics. In the case of females the operation shouid not be done during or for a week following the menstrual period.
Tonsillectomy should always be done in a hospital. If the patient is an adult, he must remain for 24 ·hoursafterward.
Children may in some instances be allowed to go out in 12 hours. In taking the case history care should he exercised to learn if any unusual tendency to bleed exists in the patient or his familv.
The bleeding and coagulation time should be determined in all doubtful cases. When the coagulation time is delayed and when it cannot be shortened by measures to be discussed later, operation should be refused. In cases where the bleeding time is prolonged, a count of the platelets should be made, and not until their number has been made to approach normal should the tonsils be removed.
• Treatment.-No attempt will be made to consider all the measures advised for the control of hemorrhage. Some are uncertain, and others too unsurgical to deserve a permanent place in our armamentarium.
The measures used may be grouped into: 1. Those acting on the blood to influence its clotting, or on the blood vessel walls, or on both.
2. Mechanical measures.
Remedies whose dominant action is to lower blood pressure are not included, because we believe that cases of hypertension should be under the care of an internist, and that he should have lowered the blood pressure, at least temporarily, before operation is attempted.
AGENTS ACTING ON THE BLOOD OR BLOOD VESSELS.
Preparations of the Suprarenal Glands.-Considerable work has been done on these glands ever since the time of Addison, but it was not until 1901 that Takamine succeeded in isolating the active principle in pure and stable form. He gave to the preparation the name of adrenalin. .Adrenalin stimulates the sympathetic system in general. When it enters the blood stream it causes elevation of blood pressure and increased action of the heart. The vasoconstrictor action IS peripheral. When applied locally, marked contraction of the arterioles occurs. This is followed by a relaxati'on of the vessels. Richards and Vosburgh found that adrenalin increased the coagulability of the blood. Wiggins was unable to corroborate these findings. Conman and Gray showed that small doses intravenously and larger amounts subcutaneously shortened the coagulation time one-third or evef). one-half. Grabfeld finds that the prothrombin is increased by it. When added in small amounts to the solution used to induce local anesthesia, adrenalin is of value. Care must be taken, however, not to have the solutions too strong, or the vasodilatation following its use will render secondary hemorrhage very likely to occur. There is this same objection to its local use following the removal of tonsils. \iVhen it is desired to increase the coagulability of the blood there are other substances which are more certain and more desirable. The use of adrenalin then should be limited to the small a~Ot1l1t added to the solution to be injected when local anesthesia is used in the removal of tonsils.
Emetin.-Trousseau recommended ipecacuanha as a hemostatic. Its active principle-emetin-has been used for hemorrhages of various kinds since soon after its isolation. Emetin hydrochlorid causes a short rise in blood pressure. Pelline and Wallace obtained no change or only a slight contraction of the arteries. Enous Smith and Middleton found transient vasoconstriction followed by vasodilatation. Howell has noted a deficiency in the fibrinogen in the blood as a result of which the clotting is retarded and the clot not retractile. Bostedo concludes that neither clinical results nor pharmacologic action justify its use in any internal hemorrhage.
Weinstein was the first to report the use of this drug in nasopharyngeal surgery. He found that by injecting emetin he could reduce the coagulation time by one-third. The writer was able to check the bleeding in a case of late secondary hemorrhage following removal of tonsils by the use of emetin. In view of the fact that we have agents more reliable in their action, the use of emetin seems unnecessary.
Pituitary Extract.-The functions of the pituitary gland and the pharnlacology of its preparations are still being investi-gated. It seems from the work done, however, that it may be said that pituitrin constricts the peripheral blood vessels, probably by direct muscular action, and that it slows and strengthens the heart. The coagulation time of the blood is reduced in fifteen minutes after a hypodermic injection, according to Kahn.
This action on the blood is what makes pituitary extracts valuable in the prevention and treatment of tonsillar hemorrhage. Moore finds that g-iven fifteen to thirty minutes before the removal of tonsils it reduces the loss of blood and shortens the coagulation time by one-third or one-half. Salinger reviews 87 cases in which pituitrin was administered as a prophylactic prior to operation, 52 under general and 35 under local anesthesia. In two of the cases there was severe bleeding, the pituitrin apparently exerting no influence. He is convinced, however, that the drug has a marked hemostatic action, as 62 out of the 87 cases showed only slight bleeding which required no pressure or other hemostasis. He concludes from his experience that pituitrin will, in most cases, diminish the amount of blood lost, particularly under general anesthesia, and that for the control of secondary hemorrhage its action is prompt and successful. On the other hand, Donelan's experience leads him to consider pituitrin as uncertain, its chief use being to support the heart and prevent shock.
The writer's experience agrees with that of Salinger. He has used it in a number of cases. While it is not a sure preventive, in most instances it will shorten the coagulation time and lessen the amount of blood lost. Several cases of secondary hemorrhage of moderate degree have been checked by its use alone. The dose is 3/z cc. for children; for adults, 1 cc.
It shouid be given one-half hour before the operation.
Calcium Salts.-It \vas believed that a lack of ionic calcium was the common cause of delayed coagulability of the blood. In order to supply this deficiency calcium lactate or chlorid was given for a variable length of time before operation. In much of the literature on tonsillar hemorrhage these remedies are given a prominent place, but later studies have shown that insufficient calcium is rarely, if ever, the cause of delayed clotting, and further, that it is difficult, if not impossible, to increase the calcium content in the blood by the ingestion of calcium salts.
Rudolf and Cole in 1911 conclude that the exhibition of calcium lactate by the mouth has no appre.ciable effect on the coagulation of the blood. Van Lier in 1912, after taking the coagulation time in forty persons before and after the administration of calcium lactate, has arrived at the same conclusion. Lee and Vincent draw different conclusions from the above, believing with Wright and Paramore that a distinct difference in the coagulation time can be produced by the injection of calcium. In addition to the above, clinical evidence supports the contention that the calcium salts are not worthy of confidence when it is necessary to shorten the coagulation time of the blood.
Tissue Extracts and Sera.-The knowledge that thromboplastin from whatever source obtained gives the reaction of lipoid kephalin was made use of in the preparation of various substances to increase the coagulability of the blood. The work of Hiss in this field is well known. The substance he prepared came from ox brains. E. R. Squibb and Sons manufacture it and offer it under the name of thromboplastin, which was first given it by Hiss. A thromboplastin solution is prepared by Armour & Company, who also manufacture kephalin, which they describe as "hemostatic phosphotid from spinal cord and brain tissue." Their remedies are in two forms, one for local use and the other for hypodermic administration. The former is used on gauze sponges applied directly to the bleeding area.
It is not expected that this will stop the bleeding from large vessels, but where there is a general oozing or small vessels are involved, the results are very satisfactory. The hypodermic preparation is used in cases of delayed coagulation time.
Coagulen Ciba.-Coagulen Ciba is made solely from the blood platelets. It comes itt the. fdrm of powder, compressed tablets, and in sterilized ampules. It is used in the same manner as thromboplastin. Bartri and de Tarnowsky in this coun-. try and many foreign observers testify to the usefulness of coagulen. Normal Horse Serum.-Normal horse serum and, when it was not obtainable, antitoxin has long been used to check hemorrhage. The results obtained have been variable, and the danger of anaphylaxis is present. A comparison of the various physiologic hemostatics was made by Hanzlink and \Veidenthal. Their results are quoted below:
"From the summary it is seen that the thromboplastins were distinctly superior to all other products tested, the Squibb product possessing a median efficiency of more than three times that of the Armour product, and seven times that of the freshest and some old kephalins."
"The freshest specimens of dry coagulen, coagulen solution in ampules, coagulase and hemostatic serum are seen to occupy the same grouping and efficiency values as normal saline. In other words, these products did not accelerate the coagulation of plasmas and blood in vitro, and accordingly are regarded as entirely inert as thromboplastic agents." "The freshly obtained and prepared thromboplastic agents which were tested arrange themselves in descending order of the plasma and blood clotting efficiency in vitro, as follows: First, thromboplastin (Squibb); second, thromboplastin (Armour); third, kephalins (fresh and some old specimens); fourth, coagulen, coagulase, hemostatic serum and normal saline."
It would seem that because of its efficiency and because the risk of anaphylaxis is reduced to the minimum, thromboplastin is the remedy of choice when agents of this class are to be used.
Blood Transfusion.-In hemorrhage due to delayed coagulation the best remedy by far is a blood transfusion from a properly grouped donor. In cases where for lack of time or facilities the grouping is not possible, a member of the patient's family should be used as the donor. Some of the agents above enumerated are of great assistance, but their use should be limited to mild cases, or to cases where for some reason a blood transfusion is impossible.
Mechanical Measures.-Pressure, properly applied, will check capillary bleeding and bleeding from small vessels. If· kept up for some time hemorrhage from vessels of considerable size can be controlled.
Pressure is made by sponges, held in clamps, or sponge forceps, suturing the pillars with a sponge between· them, by the use of pillar compression forceps, such as those of Ber-geron, and by tonsil hemostats, of which there are many kinds. After the tonsil is removed one or two gauze sponges, held by forceps, should be placed firmly in the fossa for a few moments. This will stop the capillary hemorrhage and the bleeding from the smaller vessels. \\Then these are removed, if one or more vessels bleed, they should be dealt with by other means, and no further time should be consumed in an attempt to check the hemorrhage by pressure.
To suture a sponge between the pillars increases the reaction, is painful to remove and other means are more certain. These same objections apply to the use of tonsil hemostats, and in the writer's opinion they should never be used unless it be to make pressure in the fossa of the first tonsil removed while the second is being operated. To send the patient out of the operating room with one of these hemostats in place or to use one in an attempt to check secondary hemorrhage should not be done.
Ligation of Vessels.-When pressure, as described above, does not control and one or more bleeding points are revealed in the fossa, they should be ligated. Savage of Baltimore says:
"There is no excuse for omitting ligation on account of imaginary difficulties, and resorting to suture of the pillars, or using the clumsy 1\1 ikulicz instrument, or mere pressure by gauze sponges until the hemorrhage has apparently ceased to recur after the patient has left the operating table, and then to call it, improperly, secondary hemorrhage."
With this view the writer is in entire accord. Boettcher credits Cohen of Baltimore as being the first to systematically employ ligature of the tonsillar vessels in tonsillectomy. Cohen's method of ligating the vessels is, in the writer's opinion, the simplest and best. It is well illustrated and described in the second volume of Loeb's Surgery of the Nose, Throat and Ear. Other good methods are those described by Parkes and by Gross.
It is necessary to expose the fossa well by the use of a pillar retractor. \Vhen a good exposure is obtained, there is, as a rule, little difficulty in placing a ligature around the bleeding point. Occasionally there is too much tissue in the bite of the artery forceps. This will make the pedicle too large and the ligature may slip off. When it is seen that this is likely to occur, it is well to use a suture ligature. In the placing of these suture ligatures, the writer has found the needle holder of Dawn to be the most satisfactory. In cases where it is difficult to grasp the bleeding point, one or two properly applied suture ligatures will control the hemorrhage. There have been a number of special instruments devised to render the placing of ligatures or suture ligatures more simple. Cavanaugh's is one of the best of these.
Instead of using sutures a number of operators employ :\1 ichel clips to control the bleeding points. There is no doubt that their use is simple and effective, but one had to be removed from the bronchus of a patient where it had been inspired from the tonsillar fossa. With other reliable means at our command, we should not subject our patients to this additional risk, slight though it be.
Suturing the Faucial Pillars.-Boettcher in the article referred to above states that suturing of the pillars is the most approved, present day method of controlling hemorrhage. If the bleeding vessels are ligated, as a matter of routine, very few cases which require suturing of the pillars will be seen. At times there is a general oozing from the entire bed of the tonsil. Pressure does not control it and individual bleeding points cannot be found. In these cases suture of the pillars must be done. The sutures must be placed in such a way as to include not only the pillars, but the floor of the fossa as \vell, so when they are tied no dead space wiII remain.
In this, as in the placing of suture ligatures, the needle holder of Baum has served me well.
In discussing the tonsil question at the meeting of the Southern Section of the American Laryngological, Rhinological and Otological Society, held in New Orleans, in April, 1920. Dr. J. O. McReynolds, of Dallas, Texas, stated that for some time he had been obliterating the tonsillar fossa as a part of every tonsillectomy. He compared this with the closure of wounds made by the general surgeon in other parts of the body. It not only controls hemorrhage, but is an attempt to secure primary union. In the cases where the writer has found it necessary to obliterate the fossa, the stitches have given away in a few days and the same granulating fossa has been left that we are accustomed to see following tonsillectomy, the only difference being that there was more reaction. For that reason he believes that suture of the pillars should be done only after other measures have failed.
Ligation of the External Carotid.-The writer has not seen a case where it was necessary to ligate any of the vessels in the neck. A number of such cases, however, have been reported, and if all other measures fail one should not hesitate to ligate. Some advise ligation of the facial, and in most cases this woult! be sufficient, but if it happens to be the ascending palatin that is bleeding and it takes its origin from the external carotid instead of the facial, nothing would be accomplished. For this reason, where it is necessary to ligate a vessel in the neck the external carotid should be selected.
Case No. I.-A colleague, a general surgeon, removed the tonsils of an eight year old boy, using a .Beck instrument. The operation was done early in the morning. At noon the writer was called to the hospital to see the case. The child was expectorating mouthfuls of blood, and showed plainly the effects of acute anemia. The patient was sent to the operating room and gas ether given. A mouth gag was introduced, and by the use of suction and sponges it was seen that the bleeding came from the left tonsillar fossa. This was packed with two or three gauze sponges. By removing these one at a time we were able to locate the bleeding vessel. It was a large vein which ran the entire length of the fossa, just external to the posterior pillar. A section of the vein had been removed about its center, and it was bleeding from both ends. Each end was caught with a clamp, which controlled the hemorrhage perfectly. The surgeon, whose case it was, came in at that time. so the patient was given into his care. He left the clamps on a few hours. \"lhen they were removed no further bleeding occurred. The boy made an uninterrupted recovery. In this case I feel certain that the hemorrhage at the time of operation had never been checked.
Case No. 2.-A male, aged 25, was operated upon under local anesthesia. The writer follows the technic of Matthews of Minneapolis. In snaring off the pedicle of the first tonsil two or three wires were broken. The tonsil was unusually fibrous and large. \"lhen we came to remove the second tonsil we broke our entire stock of wires and the tonsil was still in place. The hospital had no wire; the only instrument they had was an old fashioned tonsillotome with a sharp blade. This was used to cut the pedicle. The hemorrhage was slight. The case was watched a few minutes, The anterior pillar was retracted and the fossa inspected. As it seemed to be dry, the patient was sent to his room. About an hour later the interne requested me to come to the hospital, as the patient was bleeding and he was unable to control the hemorrhage. Inspection showed the hemorrhage to be coming from the second tonsillar fossa. A sponge was introduced and held in place: This controlled the hemorrhage. After the sponge was removed the fossa remained dry, so no further measures were necessary. Patient made an uninterrupted recovery.
Case No. 3.-Patient, a female, aged 23, was operated upon under local anesthesia at 8 o'clock in the morning. There was nothing unusual during the operation. The tonsils came out readily and cleanly. The hemorrhage ceased spontaneously. At 9 o'clock that night the nurse asked me to see the patient, stating that she was having some hemorrhage. When seen she was having a moderate hemorrhage, but as it had kept up for some time and pituitrin had no effect on it we felt it unwise to wait longer. Inspection revealed the fact that the bleeding was from the left fossa. It was diffi'cult to locate. the exact points. There seemed to be a general oozing. Accordingly catgut sutures, two in number, were taken through the pillars and bed of the fossa. When there were tied the bleeding' ceased. At the end of 24 hours the stitches were cut. The patient's recovery was uneventful.
Case No. 4.-Patient, a male, aged 20, were operated on under local anesthesia at 2 p. m. The tonsils were firmly adherent to the surrounding structures and considerable difficulty was encountered in the dissection. They were removed entirely, however, but the fossce were rather ragged looking. There was a moderate degree of hemorrhage, but it ceased spontaneously, inspection showing dry fossce. About 6 o'clock the house surgeon reported that the patielit was having some hemorrhage, and that he had been given pituitrin hypodermically. This did no good, so normal horse serum was given. An hour later I saw the patient, but the hemorrhage had ceased, so he was not disturbed. Early the next morning I was requested to see the case, as he had been bleeding some all night. The patient's throat was very sensitive, but we fnanaged to introduce catgilt sutures into the pillars on the right side, the one that was bleeding. This, however, did not control the hemorrhage. The patient was anesthetized and the sutures removed. The fossa was again found to be filled with clot from around the edges from which the blood oozed. This clot was thoroughly removed, and as there was a general bleeding from the fossa the pillars were sutured with silk. This controlled the hemorrhage. The patient's recovery was uneventful.
Case No. 5.-Patient, a male, aged 30, was operated on under local anesthesia. The tonsils were easily removed, and the hemorrhage ceased spontaneously. Five days later we were requested to see the case because of hemorrhage. There was a moderate but continuous oozing from under the edges of the slough in the left fossa. Pressure was made with gauze sponges and a hypoderniic of emetin given. The hemorrhage was soon controlled and did not recur.
CONCLUSIONS.
1. Everyone who undertakes the operation of tonsillectomy should have in mind definite methods of controlling hemorrhage.
2. Each case should be thoroughly examined. Any tendency to bleed must be overcome by transfusion or injections of thromboplastin or, except in cases of extreme urgency, the operation refused.
3. During tonsillectomy every vessel that bleeds after a moderate amount of pressure has been made should be tied as a matter of routine. In exceptional cases it may be necessary to suture the pillars because of generalized oozing.
4. Postoperative hemorrhage is to be controlled in the same way. The clot must be removed from the fossa. In many instances it is necessary to reanesthetize the patient.
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